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H16H-SPEED INVESTIGATION OF lX?W-J3RAGWING INLETfj..,.

ByNorman F. Smith
,.

SUNMARY

Tests of a low-drag wing-inlet section, which had
been developed in a previous low-speed investigation at
LMAL, were conducted at high speeds in the NACA &foot
high-speed tunnel; Near the design angle of attack, the
inlet section was found to have minimum profile drag
comparable to that of a similar low-drag plain airfoil
section and to have negligible inlet losses. These results
corroborate those obtained in tlfielow-speed development
program. The Inlet section was found to have a higher
critical Mach number t%an a comparable airfoil section,
as predicted in tb.eprevious low-speed tests of this inlet
section. A gain in critical Mach number of about 0.02
was ,measured, which is approximately one-half the gain
indicated by the previous low-speed data and the data
obtained at low Mach numbers in the present investiga-
tion. IToinordinate changes in section characteristics
with Mach number were found. In general, the variations
were quite similar to those variations found for the
comparable plain airfoil section tested simultaneously.

Satisfactory section characteristics could be
obtained only for a small range of angle of attack and
inlet-velocity ratio, as a result of internal separation
and external pressure peaks. The maximum lift found for
the inlet section was considerably lower than that found
for the similar low-drag plain airfoil section. Tests
of the inlet section with two amounts of camber showed
that the introduction of a moderate amount of camber
improves the section characteristics and the useful
angle-of-attack range. Furtlnerdevelopment is shown to
be necessary to produce inlet shapes havingsatisfactory
characteristics through the desired ranges of angle of. attack and air-flow quantity.,.

.

INTRODUCTION

A prQgram was initiated by the NACA that included
tests at low speeds in the NACA two-dimensional
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low-turbulence tunnel to develop air-inlet shapes for
low-drag airfoils and subsequent tests at high speeds
in the NACA 8-foot high-speed tunnel to determine
compressibility effects on the characteristics of the
most promising shapes. A development program in the
NACA two-d.irnensionalIqw-turbulence tunnel produced
win,g-i.nletsections having a minimum section profile
drag comparable to that of similar low-drag plain airfoil
sections (reference 1). The low-speed pressure data also
indicated that the critical compressibility speed might
be higher for an a;.rfoi.lof a given thickness ratio with
alr flowing into an efficient air-inlet opening than for
a similar sectionof the same thickness ratio with no
inlet opening.

The present investigation wasrnade in the NACA
8-foot high-speed tunnel with t!meeemodels designed
from one of’the best inlet seotions (shape 9) presented
in reference 1. .4sa Dart of the general program,
shape 9 was tested in {.tsoriginal symmetrical. form;
in order to study the general application of the inlet
shape to cambered sections, two additional cambered
models were designed and tested.

Section characteristics of the wing-inlet models
were determined from pressure distributions, internal-
flow measurements, and wake-survey measurements. For
purposes. of comparison, the corresponding characteristics
of a comparable low-drag plain airfoil section were
similarly determined.

SYMBOLS

a.

M.

Mcr

ao

Po

qo

speed of sound i.nfree-stream air, feet per second

free-stream Mach number (Vo/ao )

critical Mach number

section angle of attack, degrees

free-stream density, slugs per cubic foot

free-stream dynamic pressure, pounds per square

()

1
foot ~Povo2



AH ...

AH/qo”

P

P*

P

Pc??

c,

d“’o

Cd. 3

dint

cd
int

n.
..

,Cn
,,.

total-pressure .lc~s.from,free s.ttie.am.to internal
Sim-ve~ ‘rake shown in”figure 1,,p“cundsper square
foot

totii-pres szire-loss‘c-heffiiient”, ‘‘.’.
,,’.

,,

local static pressure , pounds per square foot

free-stream static pressure, pounds per square
rOOt

(); PoD-
pressure coefficient

q.
critical pressure coefficient, corresponding to a

Mach number of 1.0 at that point .,

wing chord, feet

section profile drag, pounds per foot of span
do

section profile-drag coef$ici.ent
();-

internal drag, pounds per foot of span

()

‘intinternal drag coefficient -—
qoc

section normal force, Pounds Per fCJOt Of Span
.,’

section normal-force coefficient
()
+

.rn, -,section pitching moment ab’outquarter-chord .point,.,: foot-pounds per foot of span

{)section pitching-moment coefficient’ ~
c%~q: , qoc2” .’.

R ;, Reynold?. number ., . ., ... .. .,
,.,.

V. free-~tream velocity, 1%.et:Per.s,econ”d ,

VI ,velo,cit.yat air,inlet, feet p~r secqd.

yl/Vo’,:’inlet-:ve,locit~ra~,iO .. i ~~
~1 .,

“area of!ai”r,inlet.,“square:feet ‘per““+dot,of”i“~i~
,?.

,, .,.

‘4
area”df a:$”’tiutlet,squ.aie ‘feet ~er-foQt”””ol?s“ipan

(station number designations follow those used
in reference ~)

I
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distance along chord from leading edge of airfoil
(see fig, 1)

yd distance perpendicular to chord for respective
surfaces (see fig. 1)

section lift coefficient

APPARATUS AND TESTS

Apparatus

The NACA 8-foot high-speed tunnel , !n.which this
investigation was conducted, is a closed-throat,
circ~~lar.~-ecti~n,single-return tunnel with airspeed
continuously controllable from about 75 to 600 miles
per hour. The turbulence of the airstream. is low but
is somewhat higher tb.anthe turbulence of free air.

Models

The three models testeclwere or 2-foot chord and
were constructed of wood. The general layout of the
models and a scale drawing of each section tested are
presented in figure 1. The inlet section of each model
extended over one-fourth of the span and was fa.ired,
in an “end-closure !!length ap.~rox~natel.~ 2.75 tinl~s the

“basi,c airfoil section”inlet height, into a low--,drag
that made up the rest of the span (f’i&s.1 and 2). General
and detail views of one of’the wing-inlet models are
presented in ?igures 2 and ~, respectively. It should
be noted that the basic airfoil section matches the inlet
section only in maximum th:chmss, maximum-thickness
location, and camber, and is representative o.fmany
sections that might be used in conjunction with the
particular inlet section. The model ordinates are given
in percent chord in table I.

The inlet section of the symmetrical wing is
externally an exact reproduction of shape 9 of refer.
ence 1 (reduced to 2-foot chord). The inlet height is
ap,proxiinately32.5 percent of the imaximum thickness of
the section. The basic airfoil section is the NACA
66(218 )-018.9 airfoj.1 section (reference 3 ).
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For the medium-camber wing, shape 9 of reference 1
was fitted to an NACA 61j,3-018 airfoil section and
cambered. The procedure was as fo~lows:

,, ...... .

(a) The le~~th of the origin~l ‘Inlet”saction ‘ahead
of the maximum-thickness station (0.,45c)was reduced by
the ratio of .40,~5Jto make the location of maximum
thickness coincide with that of the basic airfoil sec-
tion (0,4.OC).

(b) The thickness was reduced to that of the basic
airfoil sect%on by subtracting 0..44percent chord from
the inlet-section ordinates.

(c) An arbitrary fairing to the exit was begun at
the 65-percent-chord station of the airfoil.

(d] The fairness of the resulting inlet section was
checked by computing the slope of the surface between
consecutive ordinates and modifying the ordinates where
necessary to make the variation of slope along the chord
smooth.

(e) The final ordinates were combined with a camber
line of.design c~ = 0.30, mean line a = 0.6 (refer-
ence 3).

The inlet height Is approximately 29.5 percent of the
maximum thickness of the section. The basic airfoil
sectj.onis the NACA 65,3-31[3airfoil section.

In the high-camber wing, the inlet and the basic
airfoil sections have the same thickness distribution
as the symmetrical wing but are cambered to Cz = 0.50,
mean line a = 0.6.

The three inlet sections very closely represent a
family of’cambered sections, and the test data can be
analyzed to establish the general effects of camber on
the inlet section. The duct for the three models had
the same llthicknessdistribution’l and was designed to
give a low value of internal 10ss. The camber line of
each inlet section was applied to the duct for that
mode 1. (See fig. 1.) No simulated internal resistance
was employed, because resistance serves merely to reduce
the inlet-velocity ratio that can be obtained with a
given exit area and does not appreciably affect the
external conditions over the section or the internal
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conditions at the ‘entrance. Removable exit plates were
modified as shown in figure 1 to give the desired exit
areas and inlet-velocity ratios. Streamline steel
spacers were installed,both in entrances and exits to
provide additional strength. Duning the tests no
modifications to the sections were made except for
several small changes in the internal-lip shape, which
was designed to reduce entrance losses. (See fig. 4. )

Measurements

Each inlet section was equipped with surface static-
pressure orifices to measure external pressure distribu-
tions and with an internal survey rake to determine
internal-flow cond.iti.ons. (See fig. 1. ) The basic air-
foil secticn of each wing was also provided with surface
static-pressure orifices at approximately the same
distance from the tunnel center line. The pressure tubing
passed from the model through a passage inthe wing and
was connected to a multiple-tube manometer in the test
chamber.

Section normal-force and pitching-moment coeffi-
cients were obtained by integration of pressure-
distribution plots. Total-pressure loss and inlet-
velocity ratio were computed from measui-ements obtained
with. the internal survey rake. Section profile drag
was mess’ured by the wake-survey method behind sections
not influenced by the surface pressure-distribution
orifices or the inlet end-closure,

For several tests, wool tufts were installed at
appropriate points on the symmetrical inlet section to
permit observation of flow conditions. The models were
tested t’hrough the complete angle-of-attack range from
approximately -4.0to an “angle higher than the angle for
maximumlift at low speeds. The angle-of-attack range
at higher speeds was reduced because of structural
limitations of the wing. The inlet-velocity ratio of
each inlet section was varied from approximately 0.25
to 0.85. The tests were run through a range of Mach
number from 0.20 to approximately 0.70 corresponding
to a range of Reynolds number from 5,000,000
to 7,700,000 (figi 5).
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RESUIITSAND DISCUSSION

External-Flow Conditions-.. ,,,

Pressure distributions.- Pressure distributions are
show in rlGures t for the inlet section of’the three
wings at a. = O? agcl V~/Vo = O.~; for coraparison, the
pressure distributions over the basic tiirf’oilsections
are also presented.

In figures 9 to 14 the pressures ove~ the inlet
sections are shown to be very sensitive to changes
in a. and V1/Vo. The upper surfaces of the cambered
inlet sections are less sensitive tb.anthe s~ymmetrical
inlet section, because the introduction of camber
results in a favorable increase in curvature of the
upper lip. The decrenso in curvature of’tilel~wer lip
results in a pressure peak on this surface at the design
ansle of attack, ~ternal-flow cond~tions impro-rewith
increase in inlet-velocity ratio.

The result~ show that only a small range of’angle
of attack and inlet-velocity ratio exists wherein. a
favoi-able pressure di~tribution can be maintained ever
the inlet sectioris. When well established, the pres-
sure peaks prodnced outside this small range will
result in ~r~clus~Lon of larninar flow cm one surface and
in reduction of critical speed.

cl’itf.Ci21Mach numberc- Critical Mach number Mcr
IS defined as the free-stream Mach number at which a
local Mach number of 1.0 is attained at some point on
the section. Figure lb shows the variatioilof peak
pressures with Mach number for the symmetrical wing at
various angles of attack. It is apparent that the
variations for the inlet section do not follow the
normally assumed variation. Prediction of’critical
speeds by the usual methods from low-speed data of
this kind would be greatly in error, because of the
high peak pressures j.nvolved. Previous experience
Indicates that a very steep pressure gradient can
cause the .f’orrnationof a local separation bubble which
effectively changes the shape of the body and lowers
the pressure peak as 1;10 is increased. A separation
bubble of this ktnd is evidently nroducedon the upper
lip of’the symmetrical inlet sect~on at moderate angle’s
of attack. Because the bubble is quite “small, no large
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increase in drag results. At the higher angles of attack,
however, serious separation takes place over the lips.

,,

Figures 16 and 17 show the critical speeds at various
angles of’attack and inlet-velocity ratios for the inlet
and.basic airfoil sections of the symmetrical.wing. The
critical speed of the inlet section’is sli@tly higher
than that of the basic airfoil s,~ctionnear the design
angle of attack beta’u.seof the effective reduction in
thickness caused hy the passage of air through the sec-
tion. Gains in critical Mach numbers of approximately
0.02 over those obtained for the basic airfoil sections
were found for the symmetrical inlet section, These
gains are somewhat less than the values of 0.035
to O.O&O”obtained from extrapolating the results of the
low-speed tests of reference 1 and the low-speed data
from the present investigation. When the angle of attack
is reached ‘~eyond which the critical speed is governed
by the pressure peaks on the inlet lips, the critical
speed oi’the inlet section is reduced below that of the
basic airfoil section. The extent of’tke an~le-of-attack
range for high critical speed is a func;~ion of inlet-
velocity ratio.

A similar gain in c~it!.calMach number was found
for the medium-camber Irlletsection. A comparison of
figures 18 and 1.9with figures 16 and 17 indicates that
a moderate amount of camber improves the c.riti.cal.-speed
characteristics in the rarlgebeyoml the design a~~gleof
attack without agnreciably affecting conditions at the
design angle. Figures 20 and 21 show, however, that a
large amount of camber changes the shape of the lower
inlet lip to such an extent that the critical speed near
the design angle of attack is sertously reduced.

Internal--FlowConditions

The variation of vl/vo with angle of attack for
the three inlet sections witln various exit areas are
shown in figures 22 to 24:. The inlet-velocity ratio,
in most cases, decreased slightly as ‘theangl-eof’attack
was changed from the design ar.gleof’attack, mainly
because of internal-flow separation at the entrance.

Total-;oressure-loss-coefficient data for the inlet
section of the s-ymmetrical wing is presented in.figure 25
as a function of angle of attack. The angle-of’-attack
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range for low total-pressure 10ss was””smal”l,particularly
for high inlet-velocity ratio-s. Tuft tests showed that,
separation occurred on.,the’ins~de of.the inlet lower lip
‘at ao = 20,. ,Vljvo =0.5~;-’this separation.,led to,an
immediate sliargrise in @q ~ as the angle of’attack

was:-increased,further. ,Because of increased entrance
losses, AH/q. rises with increase I.ilinlet-ve~o.cft~

ratio. Simil~r lnt~rnal-flow cfiar’acteristicswere found
for the two cambered”inlet sections’ (figs. 26 and 27),

Chang:s in irile.t-velocityratio a@” total-pressure-
10SS coefficient with Mach,”number were si~all. The angle
of attack at which internal separation be@n did,n,ot
change.appreciably with”Mach number.

,,
A tuft test wai.,made tO invas.tfgat~ the flOW in the .

vicinity of’the inlet end-closure” of the sym.meti-icalwing,
The test showed that, as tkleangle of attack’was
increased, both internal”and external. separation occurred
first in the end-closure sect~on,of the inlkt. .Further
development of inlet en”d-closure shapes “isshown to be
necessary.

Section Characteristics ““

Profile drag.- The results of the profile-drag
measurements for the three wings are given in figures 28
to 30. The values of’the profile-drag coefficients
presented for the inlet sections include both internal
and external drag, and the internal drag for each con-
figuration is also shown. Inasmuch as the change in
internal drag with Mach number was small, data for
only one Mach number are presented.

The mfnimum VLilUf?sof’ Cd. for the inlet”and the
..

basic airfoil se”ctioiisof the symmetrical,wing are
approximately equal at medium inlet-velocity ratios;
At the hi@lest v@To tested,’no low-drag range exists
(fig. ~8(e)). Because the internal drag for”thtk condf-
tion is very low, the high dra~ is.believed due””primarily
to the flared exit that .was.required to.jjroduce this high
inlet-velocity ratio. (See ex}t details, fig. 1;) Inas-
much as flaps are usually used in connection with trailing-

‘,‘edge air exits to obtain high.f’low,rates, high drag for
this condition is usually encountered. Some reduction



10 NACA ACR No. L4.118

in this drag may reobtained through improvements in
design. At the lowest test value of vl/vo no low-

drag’range exists (fig. 28(a)). Because ’of.the high.
local angle of attack of both inlet lips, Pressure
,peaksoccur and preclude the existence of laminar flow
over both external surfaces. The drag coefficient at
a. = 1° is less than at a. = Oo because the pressure
peak on the lower surface has disappeared and some
laminar flow exists on that surface.

The low-drag range is smaller for the Inlet section
than for the basic airfoil section, The extent of.the
low-drag ran.gedecrea:es as V1/Vo decreases because
external-flow conditions become more critical at low
values Qf lJ~/Vo. The drag of tlieinlet section beyond
the low-drag range .(above approximately 4°) increases
at a much greater rate with angle of attack at low
inlet-velocity ratios than does the drag of the ‘basic
airfoil section. Examination o.fthe internal-drag data
shows that this steeper slope is due principally to
unfavorable external-flow conditions.

The medium-camber wing shows the same general drag
characteristics found for the symmetrical wing, except
that the low-drag range is somewhat greater and,the
center of the range is shifted in the positive angle-of-
attack direction. The shape of the upper lip has been
improved “oycambering and the lower lip has been impaired
only slightly.

~Or tjhe h_i,gh-camber wing, the minimum profile-drag

coefficient of the inlet section at all values of v~/vo

is higher than that of the basic airfoil section. The

drag ~’ise is rapid at angles of’ a~taclt below the angle for

minimum drag, largely because of separation over the
lower lip of’the inlet. At positive angles of attack,
separation over the upper surface causes a rapid rise
in.,drag. From observations of the wake profile and

pressure distributions, this separation was found to

OCCUZW back cf the maximum-thickness station. The
profi,ledrag could not be accurately measured because.
of the extreme width and rapid fluctuations of the wing
wake . At high Mach numbers, the separation became
severe ever both the inlet and. the basic airfoil sQc-
tions at all angles o.f attack. The camber for cl = o.~o,
used with a thickness ratio,of 18.9 percent, apparently
results in sections with serious flow-separation tendencbs.
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The minimum values of Cdo and the width of the

low-drag range for the batiic a~r~oil sections of the
“ three wings tiestedare in agreement with values obtained
f“rom”ttio~dimensionalteistsof similar sections (refer-
ence 3).

Pitching moment.- The variations of section
p“itch~ng-moment coefficient”with Mach number are”of the
same order for the inlet and the basic airfoil sections

““.of the symmetrical wing (fig. 31). At the low inlet-
veloci.tyratio a larger variation of pitching moment
with angle of attack occurs, ,because of alteration of
the”chordwise lift loading by pressure peaks on the inlet
l“ips.

The same general trends are indicated for the
medium- and high-camber wings (figs. 52 and 33). Larger
changes in pitching-moment coefficient with angle of
attack and.Mach nuiiber toolkplace with the high-camber
wf.ng,probably because of the separation effects pre-
viously noted.

Although not conclusive, these tests indicate that
the addition ofa properly designed air inlet to a low-
drag airfoil section nesd’not appreciably change the
pitching-moment characteristics of the original section.

Lift ● - Section normal-force coefficients are
~rese= instead of section lift coefficients. Analysis
showsthat the two are approximately equal; the differ-
ence is less than 5 percent at maximum lift.

Normal-force-coefficient curves for the inlet and
the basic airfoil sections of the symmetrical wing are
shovn in figure,34. A considerable deficiency in
maximm lift for the inlet section is evident. Maximum
lift increases with increase in inlet-velocity ratio
because. of the improvement of external-flow conditions.
Tuft tests indicated tihabearly separation over the
upper inlet lip Is responsible for the low value of
maximum lift.

The inlet sectionof the medium-camber wtng, when
compared with the ‘oasi.cairfoil ,section (fig, 55), shows
only a small loss -inmaximum lift becapse the inlet
upper lip has been improved by cambering. 130ththe
tnlet and the basic airfoil sections of the .high-camber
wing show a decrease”in lift-cturve‘slope at angles of

.“
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attack”greater than approximately 4° as a result of
separation over .the rear portion of the section (fig. 36).
The angle”of maximum lift was “not reached in the tests of
this wing.

The angle of zero lift for the two cambered inlet
sections shifts somewhat with inlet-velocity ratio
(figs. 35 and 36). ” This effect is due larg;ly to changes
in exit fairing. The symmetvfcal inlet section exhibits
very little shift in angle of zero lift because, accurately
symmetrical exit fairings are easily produced.

The variations of normal=force coefficient with Mach
number are of the same order for the inlet section and
the corresponding basic airfoil section of each wing
(figs. 37,tJo39). Data for only one inlet-velocity
ratio are presented~because the effect of inlet-velocity
ratio was very small for moderate values of lift.

Modifications

Two internal inlet-lip modifications, which were
designed to improve entrance conditions, were tested on
the inlet section of the symmetrical wing. Modifica-
tion A was an arbitrary fairing involving no change in
lip radius; modification B was the same as modifica-
tion A with a ~0-percent increase in lip radius (fig. 4).

. .

The results show (fig. 40) that an addition to the
lower lip of a simple fail”ing such as modification A
increases the angle-of-attack range for low total-
pressure “loss in the inlet from 40 to 80. Tuft tests
showed,that the .fairing increased the angle-of-attack
range by delaying internal-flow separation off the inlet
lower lip. The results obtained with modification B shaw “
little improvement over results obtained with the original
inlet. The larger lip radius apparently nullifies the
effect of the fairing and produces, in addition, an
unfavorable effect on the external flow.

.DesignConsiderations

The angle-of-atta’ck range through which low inlet
losses and low section drag are desired is approxi-
mately 7°, or from high-speed attitude to climb attitude.
The data indicate that the original inlet shape (shape 9
of reference 1) does not have the desired range.
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Tests of the lnle%:se””ctidri~:o~the symmetrical wing
with m.odificatlons A and B indicate that the angle-of-
attack range for low inlet losses can be easily increased
tio’’a”sa~isfac’tor”yextent’;: Notes.ts of external~,rnodifica-
tionsj”assuch;were’ included hi’’thepresent investiga-
tio~i. Tests of’the Ca’m.bebed-:wings’indicate.,hoyever,’
that ‘tncl’qaSingthe curvatuhe of the,inlet upper lip”,:

‘-re”~ults.in a~imppovem~nt over ‘the,o.riginalsection....
““Unpublished,data from wi.nd-t~fiel programs :inwhich ,,
wing,’inletg w“eredeveloped for specific airplanes,,
corroborate’ this finding and show ,t.hatan appreci,~b~e’
gain in maximum lift can be realized by ~mproving t,he..,
flow o,vert~}e,inlet upFer lip. These development programs
indicate a~s”oth:atjuMcious use’’.ofIlp s.tagger,;beyondthe
amouritptiodu~cbdby cambe~ ‘can improve both intern,al-llow
conditions ‘and‘rriaxikinnIi”ft.~~ -.

,.,
““ T~e te”stsindicate that cambering a symmetrical

~‘5nle”tsection by normal methods (reference .3) .i.s
unsatisfactory ?.nthe vicinity of the inlet lips.

,,~h,e,<nle,tlower lip, because of decreased curvature
“-,’duqto ’”camber”,produced an adverse pressure ~is~ribution
.’”a.t”“the des~,gn angle of ,att”ack on the mediurti-and high-
c’~be,rwikgs~ - ,. ,,

.. ..,.., .“
t .I:method for fitting”~n:inlet s6ction to a..given

‘“~-irfoi~secti,on‘has been described. untier the’ design of

‘.t’he,he”dium-c:~bei Wing, The chara.cterlstics of the’
‘i”rilets“e;tionproduced -by this method depend, o.f.coufise,
upon the characteristics of the inlet sectiGn from which
this,section is designed. In addition, the procedure
me~ely ut}lizes normal” camberihg methods and.dotisnot
g}”v~,r~eededs~6cfalconsideration to the inlet lips.;
The fiediiim-camberifilet,-therefore;evinces the:same.
:lim>,tationsfetid “for ‘the”ori&inal inlet section.e“xc’ept
fOr the slight improvement due.to camber. “.AS a general
method’ o“fap’pl,ication,lthe procedure is Indicated by the
t~$t.sto,b’esatisfactory from cor~silfle.ratio~lS”Df pressure
distribution drag; andcritical speed near the deslgri
angle of attack. * ...,,’. ,,.

,-”! :.,: .“. .:.: ...
:F~,>her”development is a~~a”rently.need~”dto produce

“u”spful.,ef~ic~~qt’inlet shapes. .Sat~isf’actorysectiom”,.
characteristics mus-tbe”available for sufficiently wide
ranges o.finlet-velocity ratio and angle of attack+
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., .,, ,.
GO~lC”LU;IONS‘“.,

,’

1 Tests at high speed of three wing-inlet models.
desig~~d from on? of the best wing-inlet sections
developed in”a previous investigation at low speeds
showed that the inlet section b.asininimum section drag
comparable with that .of a similar’low-drag plain airfoil
section and.~-.as~JeIigible’ inlet losses near the design6
angle of attac~. A properly designed air inlet can be
installed in a ‘low-dragwing at virtually no cost in
external drag.

2. Cr,itical Mach numbers approximately 0,02
fiigher than those of the basic airfoil sections were
found for the symmetrical and medium-camberinlets.”
These values are approximately one-half the gains
indicated by extrapolation o,flow-s~eed data f’rom ‘the
previous development’ ~rogram. or fr”o~.the present investi-
.gatio.no

3. The inlet section i:,quite sensitive ‘to“changei
in angle of attack. Adverse effects are produced on th~
inlet lips that result in small angle-cf-attack ranges
for,low drag, high critical speed, and low entrance
losses. A considerable deficiency in in.ax”imumlift, as
compared to the maximum lift of the basic airfoil sec-
tion, results from unfavorable’ flow conditions over the
“inlet upper lip for the symmetrical and low-camber inlet
sections.

~i Introduction of a moderate amo~t of camber
impro”vesmost of the section c,har’acteristicsand the
useful ”angle-of-attack range, The improvement is due
primarily to the increased curvature of the l~pper lip,
which reduces dr delays the adverse e.f.~,ec-tsIncurred”
13”:TL::e original shave . m7,.~~!e decrsas’ed c“vrvat~lre

of’ the lower lip, howe,ver, groduces adverse effectsl

indicating t.i-~atspecial metlaods must be devised for

cambering inlet sections.

5.’The variations in inlet section characteristics
due to compressibility were, in general, quite similar
to the variations foun~ for the comparable plain afrfoil
section.

6. The method devised lor fitting an inlet section
to a basic airfoil section (used in the design of the
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medium-oamber wing) is shown by the data to be satis-
factory, as compared with the original symmetirlcal
section, with regard to pressure distribution, critical
speed, and””’drag.

7. Further development is apparently needed to
produce efficient inlet shapes from which satisfactory
wing inlets for any desired ran’gesof inlet-velocity
ratio and angle of attack can be designed and adapted
to a wing section having any design camber.

Langley Memorial Aeronautical Laboratory
National Advisor Committee for Aeronautics

TLangZey Fle d, Va,
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Figure 2.- Installation of wing-inlet model in NACA 8-foot high-speed tunnel.
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NACA ACR No. L4118 Fig. 3a,b

(a) Air inlet.
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(b) Air outlet.

Figure 3.- Details of inlet section of symmetrical wing.
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